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considered as the first indicator of atherosclerosis, as it precedes structural atherosclerotic changes in the vascular wall and associates with CA-IMT. 10 The aim of our study was to determine whether being born small for gestational age (SGA) is associated with dyslipidemia, endothelial dysfunction or increased CA-IMT in 20-year-old adults. Additionally, we wanted to study whether serum lipid concentrations track from 12 to 20 years of age in subjects born SGA as they do in the general population. 5-7
Methods
Definitions SGA was defined as birth weight or length or ponderal index more than 2 SD scores below the respective mean for gestational age and sex, as previously described. 11 Appropriate for gestational age (AGA) was defined as birth weight, birth length and ponderal index ≥ -2 SD and ≤ +2 SD scores of the respective mean for the gestational age and sex, parent-specific expected height (PSEH) (corresponding target height) as by Pere et al 12 and PSEH-corrected height as final height (SD score) -PSEH (SD score). Early catch-up growth in weight was defined as change in weight SD score from birth to 5 years of age. 11
Subjects
The original SGA cohort consisted of subjects (n=73) born during 1984-1986 at Kuopio University Hospital. At 20 years of age, all subjects from the original study population were contacted, out of which 35 SGA subjects participated in the present study. Each SGA subject had an age-and sexmatched control subject who had been born AGA. Thus, 70 subjects (35 SGA -AGA pairs) were studied. Of the original cohort, 55 SGA -AGA pairs had been studied at 12 years of age, 11 of whom 25 SGA and AGA subjects also participated in the present study at 20 years of age.
The study protocol was approved by the local Research Ethics Committee. Informed written consent was given by the participants.
Methods
Perinatal Data Perinatal data were obtained from hospital records. The birth measures were converted to SD scores by plotting them on the national growth charts and adjusting the birth measures for duration of gestation and sex. 13 Lifestyle, Anthropometric and Casual Blood Pressure (BP) Measurements A questionnaire and interview were used to record cigarette smoking, alcohol consumption, physical activity and the use of medications, including contraceptives. Cigarette smoking and alcohol consumption were categorized in the final statistical analyses into 3, and physical activity into 4, categories. Height was recorded with a calibrated Harpenden stadiometer (Holtain Ltd, Crymych, UK) to the nearest 0.1 cm and weight to the nearest 0.1 kg. Height was converted to SD scores by using the Finnish reference values for height. Weight for height (expressed as percentages in relation to the median weight for height) and height SD scores were derived from a growth chart program (Pediator software, version 7.4.6, Pediatric Research Foundation, Helsinki, Finland and Tilator Inc, Turku, Finland). Body fat percentage was assessed by bioelectrical impedance analysis with Inbody 3.0 ® (Biospace, Seoul, Korea). BP was measured 3 times with a calibrated sphygmomanometer while the subject was seated after resting for 5-10 min. The mean of the 3 measurements was used in the analyses.
Laboratory Measurements Venous blood samples were taken after an overnight fast. Serum total cholesterol, free fatty acids (FFA), triglycerides (TG), LDL and high-density lipoprotein (HDL) cholesterol levels were measured enzymatically using an automatic photometric method (Konelab 60i/30i Clinical Chemistry Analyzer, Thermo Electron Co, Finland). For total cholesterol the interassay coefficient of variation (CV) was 3.8% at 3.49 mmol/L, whereas for HDL cholesterol the CV was 5.0% at 0.65 mmol/L and 3.3% at 1.31 mmol/L. For FFA the CV was 5.2% at 0.88 mmol/L and 4.6% at 1.71 mmol/L. For TG the CV was 4.5% at 1.04 mmol/L and 2.0% at 2.65 mmol/L, and for LDL cholesterol it was 4.3% at 2.69 mmol/L and 5.9% at 3.06 mmol/L.
Vascular Ultrasound Measurements Vascular ultrasound imaging was performed using Sequoia 512 ultrasound mainframes (Acuson, CA, USA) as described previously. 14, 15 The image of the posterior wall of the left common carotid artery showing the greatest distance between the lumen -intimal and the media -adventitial interfaces was recorded. Analysis was performed using ultrasonic calipers by a single reader (T.L.) who was unaware of the subjects' details. At least 3 measurements were taken approximately 10 mm proximal to the bifurcation to derive the maximal CA-IMT. Brachial artery (BA)-FMD was measured according to the guidelines, 9 as previously described. 14, 16 The segment of the BA above the antecubital crease was imaged in the longitudinal plane. A sphygmomanometer cuff, placed around the forearm, was inflated to a pressure of 250 mmHg for 4.5 min and the arterial diameter was measured at rest (baseline) and at 20, 40, 60, 80, 100 and 120 s after cuff release. BA-FMD was assessed from the maximum vessel diameter after reactive hyperemia relative to the baseline diameter. The betweenstudy coefficients of variation using these methods have been 6.4% for CA-IMT, 3.2% for BA diameter, and 9/26% (shortterm/long-term) for FMD measurements. 10 
Data Analysis
Data were analyzed using the SPSS for Windows statistical package (release 14.0, SPSS Inc, Chicago, IL, USA). All continuous variables were examined for normality with the Kolmogorov-Smirnov test. Because the data were based on matched SGA-AGA pairs and the distribution of most variables was non-normal, the Wilcoxon matched-pairs signed rank test was used. Repeated measures ANOVA was used in comparisons of normally distributed or logarithmically transformed variables for adjustment with body mass index (BMI) or body fat percentage. The Mann-Whitney test was used in subgroup analyses. The McNemar or marginal homogeneity test was used for categorical variables. Either Pearson's or Spearman's correlation coefficients were computed. To analyze tracking of serum lipid levels between 12 and 20 years of age, 3 methods were used. First, in addition to Spearman's correlations, partial correlation coefficients (controlling for sex, pubertal stage at 12 years, and change in weight for height from 12 to 20 years) between the 12-and 20-year lipid levels or their ratios were calculated. Second, the proportions of subjects in the most unfavorable lipid parameter tertiles at 20 years from those in the same tertile at 12 years of age were calculated. Third, multiple logistic regression analyses were used to estimate the independent contribution of serum lipid parameters at the age of 12 years to the same parameters at 20 years of age. Multiple logistic regression was also used to analyze factors associating with CA-IMT. A significance level of P<0.05 was used. Markers of Atherosclerosis in Young SGA Adults
Results

Anthropometric Measures, Casual BP Values and Serum Lipid Levels
The mean (95% confidence interval [CI]) birth weights and lengths of the SGA and AGA subjects were 2.47 (2.36, 2.59) vs 3.43 (3.25, 3.61) kg and 46.1 (45.4, 46.9) vs 50.2 (49.4, 50.9) cm, respectively (P<0.001 for all); the birth measures in SD scores are given in Table 1 . The mean (95%CI) gestational age in the SGA group was 39.2 (38.6, 39.8) and in the AGA group 39.8 (39.3, 40.4) weeks. The mean birth measures of the non-participants did not differ from those of the participants.
At the age of 20 years, the SGA subjects were shorter and lighter than their AGA peers as a group. However, after adjusting for parental heights (by PSEH), the height SD scores were not significantly different between the study groups (P= 0.07). The weight difference between the study groups was explained by the higher weight of the AGA males ( Table 1) . The mean systolic and diastolic BP values did not differ between the SGA and AGA groups. The SGA subjects had higher serum LDL and lower HDL cholesterol levels than did the AGA group (BMI or body fat percentage adjusted comparisons). Serum total/HDL and LDL/HDL cholesterol ratios were significantly higher in the SGA group ( Table 1) . There was no difference between the study groups in the use of tobacco (P=0.686), alcohol (P=0.285) or contraceptives (P=1.000). Physical activity did not differ between the SGA and AGA groups either (P=0.642).
In the SGA group, the total and LDL cholesterol levels correlated inversely with height SD score, even when adjusted for PSEH (r=−0.463, P=0.006 and r=−0.413, P=0.015, respectively), and the SGA subjects in the highest LDL cholesterol tertile were shorter than those with lower LDL cholesterol levels (−0.85 vs −0.21 SD score, P=0.028). Early catch-up growth in weight (ie, weight SD score increase between 0 
Longitudinal Changes and Tracking of Serum Lipid Levels
Serum lipid levels had been measured in 25 subjects of the current SGA and AGA study groups at the age of 12 years. 11 Total and LDL cholesterol levels and total/HDL and LDL/ HDL cholesterol ratios decreased, and HDL cholesterol levels increased in parallel in the 2 study groups from 12 to 20 years of age (Table 2, Figure) .
In the SGA group, the serum total, LDL and HDL cholesterol levels, and total/HDL and LDL/HDL cholesterol ratios at 20 years correlated strongly with those measured at 12 years (Spearman's correlation coefficients 0.52-0.68, P= 0.01-<0.001; partial correlation coefficients 0.66-0.73, P= 0.001-<0.001, controlled for confounding factors). In the AGA group, the corresponding correlations were of the same magnitude, except that the Spearman's correlation for the total/HDL cholesterol ratio was lower and not significant (r=0.32, P=0.115) ( Table 2) . 
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Figure.
Mean serum (S) lipid levels at 12 and 20 years of age in subjects born small (SGA) or appropriate for gestational age (AGA); n=25 in each group. LDL, low-density lipoprotein; HDL, high-density lipoprotein.
Markers of Atherosclerosis in Young SGA Adults
At least 50% of the SGA subjects in the most unfavorable tertile of lipid parameters at 12 years (highest tertile for total and LDL cholesterol levels, and total/HDL and LDL/HDL cholesterol ratios; lowest tertile for HDL cholesterol levels) remained in the same tertile at 20 years of age. The exact proportions in the SGA/AGA groups were 71/57% for total cholesterol, 50/88% for LDL cholesterol, 50/38% for HDL cholesterol, 86/63% for total/HDL and 63/63% for LDL/HDL cholesterol ratios, respectively, Furthermore, logistic regression analyses showed that high serum total cholesterol levels and total/HDL and LDL/HDL ratios at 12 years of age predicted independently high levels of the same parameters at 20 years of age in both the SGA and AGA group ( Table 3) .
CA-IMT and BA Endothelial Function
The CA-IMT, BA diameter or its FMD did not differ between the SGA and AGA groups ( Table 1) . The SGA tertile with the thickest intima -media layer had a significantly lower mean HDL cholesterol level than those SGA subjects with a thinner intima -media layer (1.26 vs 1.53 mmol/L, P=0.019). In the whole SGA group, the HDL cholesterol levels correlated inversely with CA-IMT (r=-0.496, P=0.002), even when adjusted for BMI and sex (r=-0.390, P=0.025) or body fat percentage and sex (r=-0.415, P=0.016).
Factors associating with CA-IMT were further analyzed by logistic regression. The dependent variable CA-IMT was dichotomized using as the cut-off point the highest tertile limit. Regular cigarette smoking (P=0.013), higher diastolic BP (P=0.004), and shorter birth length (SD score) (P=0.044) were independently associated with higher CA-IMT in the whole study population in a model in which BMI, serum TG and sex were taken into account as other covariates ( Table 4) . Body fat percentage adjustment instead of BMI gave a similar result. When a similar logistic regression analysis was performed in the SGA group, regular cigarette smoking [P= 0.009, odds ratio 11 (95%CI 1.8-61)] and higher diastolic BP [P=0.015, OR 1.4 (95%CI 1.1-1.9)] were associated independently with higher CA-IMT. In the AGA group, logistic regression analysis with similar models revealed no significant associations.
Discussion
In the present study, 20-year-old SGA subjects had higher LDL and lower HDL cholesterol levels than the AGA controls. BA-FMD and CA-IMT did not differ between the study groups, but cigarette smoking, higher diastolic BP, and shorter birth length associated with higher CA-IMT in the whole study population. Tracking of cholesterol levels from 12 to 20 years was evident in both SGA and AGA subjects.
The association between birth weight and serum lipid levels has been inconsistent in previous studies. 3,11,17-20 Two recent meta-analyses 21, 22 and a large British study 23 showed a weak inverse relation between birth weight and total cholesterol level. On the other hand, Huxley et al concluded in their systematic review that impaired fetal growth does not have an effect on blood cholesterol levels that would have a material impact on vascular disease risk. 24 It is of note that the meta-analyses have included mostly population-based studies consisting mainly of normal birth weight subjects. It is predictable that studies on SGA subjects are more sensitive to reveal subtle birth size related differences in lipid levels than population-based studies. It also has to be emphasized that the inclusion criteria of SGA subjects and their controls in previous studies have varied greatly, which probably partly explains the controversial findings.
Poor catch-up growth in height 11,25,26 or gain in weight 18,26,27 may further increase the risk for an unfavorable lipid profile in subjects born SGA. In accordance, we found that short adult stature correlated with higher total and LDL cholesterol levels at 20 years of age within the SGA group. In contrast, we were not able to show an association between early catch-up growth in weight (change in weight SD score from birth to 5 years) and unfavorable lipid profile. The discrepancy with previous studies may be explained by the slimness of our SGA subjects. Especially, our male SGA subjects were Tables 1,3 . SALONEN M et al.
slimmer than the AGA controls. Thus, adjustment for BMI (or fat %) was considered appropriate when comparing lipid levels between the study groups. It was recently reported that in adults a 1-SD decrease in BMI lowered the total cholesterol level approximately 5-fold more than a 1-SD increase in birth weight. 23 Follow-up studies of children have shown that serum total cholesterol levels measured in childhood predict total and LDL cholesterol levels in adults. 5-7 Similarly, in our SGA subjects, serum total, LDL and HDL cholesterol levels, and total/HDL and LDL/HDL cholesterol ratios at 20 years correlated strongly with those measured at 12 years in the same subjects. Controlling for confounding factors by partial correlation analysis improved the correlations clearly, which is explained by the correction of the effect of sex and variation in pubertal developmental stage at 12 years of age on serum lipid levels. Tracking of serum lipid levels was further evidenced by the high proportion of the subjects remaining in the most unfavorable tertile of lipid parameters from 12 to 20 years of age, and by the logistic regression analyses showing that high serum total cholesterol levels and total/HDL and LDL/HDL cholesterol ratios at 12 years predicted independently high levels of the same parameters at 20 years of age. The "tracking coefficients" from 12 to 20 years of age in our SGA and AGA groups were equal and also quite similar to those reported previously for this age range, 7,28,29 suggesting that an unfavorable serum lipid profile in childhood predicts a similar profile in adulthood equally well in SGA subjects as in the general population. The decreasing trend in total and LDL cholesterol levels after puberty seen in the present study has been reported previously in populationbased studies. 6, 30 Increased CA-IMT is related to cardiovascular risk factors. [31] [32] [33] [34] In the present study, CA-IMT did not differ between the SGA and AGA groups. However, in logistic regression analysis regular cigarette smoking and higher diastolic BP predicted higher CA-IMT in the SGA subjects and in the whole study population. Shorter birth length associated independently with higher CA-IMT in the whole study population. In addition, the SGA subjects in the highest CA-IMT tertile had lower HDL cholesterol levels. Oren et al showed that low birth weight was only associated with increased CA-IMT in those 27-30-year-old subjects who had experienced severe IUGR and in those who showed exaggerated postnatal growth. 35 Young adults with low birth weight were previously reported to have an increased risk of endothelial dysfunction, and the impact of low birth weight was comparable to the risk of cigarette smoking. 36 On the other hand, Brodszki et al found no change in endothelium-dependent and -independent vasodilatation in adolescents with IUGR, but their IUGR group had smaller end-diastolic vessel diameters. 37 Similarly, Hermann et al reported normal endothelium-dependent and -independent vasodilatation in 21-year-old men with low birth weight. 38 In accordance with these studies, we could not find any differences between the SGA and AGA subjects in endothelial function at 20 years.
The strength of our study is a well-characterized, carefully matched study population with lifelong follow-up. Even though our sample size was relatively small, we could show meaningful differences in lipid levels between SGA and AGA subjects, and clustering of cardiovascular risk factors in a subgroup of SGA adults. Although the differences in LDL and HDL cholesterol levels between the study groups were marginal, the total/HDL and LDL/HDL cholesterol ratios were clearly higher in the SGA than in the AGA group. Total/HDL and LDL/HDL cholesterol ratios are supposedly better predictors for cardiovascular disease risk than total, LDL or HDL cholesterol levels. 39, 40 It is predictable that significant changes in FMD and IMT need time to develop when we suppose that an unfavorable lipid profile influences their development. Thus, it is not so surprising that there
were not yet significant differences in CA-IMT or FMD between the SGA and AGA subjects at this young age.
In conclusion, SGA subjects had more unfavorable lipid profiles than controls at the age of 20 years. This finding was not explained by differences in body composition, physical activity or use of tobacco, alcohol or contraceptives between the study groups. A similar tracking of unfavorable lipid parameters through adolescence was seen in SGA and control subjects. The shortest SGA subjects had the highest LDL cholesterol levels. Cigarette smoking, higher diastolic BP, and shorter birth length associated with higher CA-IMT in the whole study population. Accordingly, children born SGA can be considered as a special target group for preventive measures against cardiovascular diseases. 41
